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ABS TR ACT

This report ives the use= of -the HP41-CV handheid

programmable calculator or the IBA 3033 zomput-r, a blas

element method for calculating the total pow4- r=qui-ed in

forward, straight and level high speed fligh- fcr an

isolated rotor. The computer programs :onsis- of & ma.

program which calculates the necessa-y iynamic pa_-au-t-=s ef

the main rotor and several subroutines w, ich calcula:e power

required as well as maximum forward veloci:y, s-all onset

wrlocity, and velocIty for best endurante.
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I. INTRODUCTION

A. GENERAL

The basis for halicopter rotor anallsis was dv~2.opq. -In

the early 1920's wher 3Iatuert ex-teaded prOpelle3r :heOrY -.3

nhe s -'al case of rotat-:iq wnn gs. Snera :e h

9VeJ.oPMert Of :_ha diaital conpu: Lr -Zis Mert-:--IM ma -,

3orovzments cn GluterzS analysis.

In order- to dsve2.op a aethod for?:-:c . h

ro tcr power requirad In forward flight, i:s nazessary -o

divelop a method tha-t accuratealy p=--di.cts rotor dynamics.

T *. Pr a aI c tiT: of =^.to= dynazrics i". :o=wa~d flighr: i

c)olex one. Ty?_irally. a hali-Cop-:a=o-o biale ~zu~

i flow environment which changes :apiIlv as -4- movces arcun-!

-4- azimu..

In foorward fiO-;ght:, r-otor blade setosare suiec-d -0

azimuthal va~iationa in rnct ornly anqle of a-nnack but alSo

lach number. As FL resul:-, conphni e :f3:2ance

analys's of a he!_izopnsar is mu=ch m-ore iavo)Ived than tha- of

a conventional.aroat

R ece r he2.icoo-e: esg trenis haavs bee in -he

i;:rection of incrsasing the maximuim forward vsloci-ty

?oss ibl as well2 as hiJjher blaie !:ips ;e aI s Si -. hi
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speed of the helicopter Is added to -he spead ::1 :o_:-o --

the advancing blade, the highest ralatiwer vsloc_4.CEz~ .occur

a: the tip of tha advancirng bla da. When the sez-i~n !ach

number of the tiada tip sxceeds -:he critical Mach number of

,he airfoil, ccmprssibi&.lity -00ect.s result. These Sff-cts

:ncludc! a large -acreass in profile liga and changs i

o--;nohi-ng moments, therefcrs a:sating dd-'tiJonal -.;-wer

re cuirem ents.

In all cur~grnt helicopters thaee is 'a tsalency for -he

re treating blade to stall. just as :h= still if an airplane

wi.ng limits the low speed perfomance of an aizplans, the

stall of a rotor limits -the high speedl poena f a

.ISlicopt e: The calative velIci4-y of tas een: ld

decreases as forward speed increasss. However, h e

=atreating blades sust produce t1-a same amoun-: of li-ft as

h,; advancing blade. Therefore, as -:he relativs valocity of

-:he the ret~eatirg blade decrsases vinn forward speed, ths

blade angle of attack must bs increased nzo equalize lift

throughout -!he the r.otor disc -.rea. As this angle increas~s

the blade w-ill eveatually stall a-: some forward spe. F 'Dr

:hese :eascas, stall and compressibility -.his co-mbi-ne n-o

:ii h- pefcrmance fo a hello--optejr a-: h-*gner snzs !s.



For 9-fficient design of a helicopter, the heliccpt,:

de=sign.r should have the analytical tDl! neces.sary -c

oredict the performance of a helicopter. This : qpr-- gives

the user of -he HPI1-CV and -:he IBM 3033 computer a means of

calculating the total power required ini forward, straight

and level flight.

B. OBJECTIVE

The objective was to provile an int.erac-ive comouter

program which ca.: oe used during the initial design s-agqe -o

estimate the total power required by the main ro-.o of a

helicopter, as well as maximum forwazi valocity .ossible,

stall onset velocity, and bes- endurazc! veloci-.y.

Additicnally, the lesired accuracy chcser, a,: -he

beginning cf this effort was to ob-tain ingle of attack

within a plus or tinus one half lear-ee, power as-t.ma-.:ss

win.hin ten p%-r cent of the actual pcwe regui-ed, and to

obtain the nseded accuracy in as short a unnn -._e as

:o ssibla.
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A. DESCRIPTION OF PROBLEM

For a helicoptsr in level fligh-, the maximum forward

speed is limited by the power available 3s well as still and

compressibility affects. It is -therefore advantageous to

dev-lop a sim~le-to-use compu-er program tha -. estimats

blade s-all and compessibility effects on helicop-er

performance.

3. METHOD CF SOLUTION

In forward flight, the aerodynamlc -environment of the

rotor blade vari.s as the rotor blade r-tates with respec-t

--: the direction of flight. The method chosen to obtain the

objective accuracy ignores any variabla no- immediately

ipacting on the accuracy of the de-sermna-ion of angle of

a-tack and power requirements.

The method utilized herein uses a combinationr of

2omenm and blade element theory to perform rotor

p4rformance calcula-icns. This theory is initially used to

determine the induced, profile, and parasit.e power raquired.

The solution muethod then utilizes a ilada el-men-t a.alysis

t3 predic- -he cytlic, colloctive, an I angles

13



associat.,td with the ro tor. Th ase Inglac are :hz U=Z4

th calculatlon of th rotor bladefs angls Of attick it-

azimuthal pos±-tions of 90 and 270 degrees. Compr;ssi-bi4l4i-y

and stall power are then estimated is a fuzzttion of !tlei. of

attack ;Ad forward veloc-Lty.

1~4
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A. GENE~kL

The calculation/prediction of helicopter performance is

primarily a matter of determining the power requirsd and

power available over the desirel flight :egime. The Dower

information may then be used to predic: the opraticnal

za pabiiities of the aircraft.

For the ideal helicopter (no losseso, in forward,

straight and level flight, power required can be subdiviled

into five parts: induced power, P,, required to pocduce

rotor -hrust; prcfile power, PO, required t. cvercom . -h:?

skin friction and pressure drag of the main rotor; paras-te

power, Pp, r-equired to overcome the parasi-e drag of the

helicopter; comprassibility power, PM rq--uired to overcome

-he increase 4n profile drag when the tip 11ach number

i.xc.eeds the drag divaergence .1ach number of the airfoil; ar.d

stall power, FS, required to account for the increasse in

rotor torque as a result of retreating blaie stal. The

HP(1-CV and IBM 3033 computer programs contained herein

provides a simple, quick means of evaluat-ing th! ;ower

-equired by at isolated rctor.

15



B. ASSUMPTIONS

The major task in helicop-r performance analysis - s -.h

determination cf rotor forces, angles, and power. The

method chosen ignores any variable that does not direc-tly

iupact on the dpsir-ed accuracy. Therefor.z, in or!r to

simolify the compatational process used, :he following

assumptions are made:

1. Steady flow through the rotor svst am.

2. Small angle approximations are a valid

represn-tation of the real world phanomena.

3. All blades considered are ._ctangular (ncn-tpersd)

wi-h cnly uniform twist pcssible.

4. Hinge off-set is zero (i.9., :ne thrust vactor

passes through the C.G.).

5. The s-all angle cn most helicoptsr blades can be

approx:mated by -he angle that occurs at CLMAX for a 2-D

airfoil.

6. The helicopter is trimmed. This imolies -hat the

sum of all the mcments abcut the center of gravity (C.G.) is

zero, all forces are in balance, and -ha- no la-ral

flapping is present.

16



7. xt stall 'lnsast, -hz vall3 :)f sac--tOn , :

coefficiett jumps approximately 0.08.

8. The rotor rotates counterclockwi-se.

C. NOME~NCLATURE

"Standazdl" ncmenclature is used. ADDo3i1!ix A C~niis an

alphabstical list defining all tesymbol--s and me-nc

used in the development of this report. Ap~i

aa alphabetical li43t ofall HP4i-Cv displays ussi in the

HP41-CV prcgram.

~.INTTIALIZATION

It Is assumed that the initial design if -'.e icot

his been completed and~ that the hslicopters v~zg . - a s w el

is the o-hord, :adjis, tip velocity, twtst, zer~c-li-f-- d~ig

coafficient, and number of blides af tme ro-tor a:a known.

.na11y it s ass~umed that an initil -3s2azIn-)f

-iquivalent flat plate area _ available, an ! thi- n'h

firward velocity if the aelicoptcer la ka.'wn.

~.ROT3R DYNiAMICS

Thtre arm four rotor par!L-ete4rs whriwill help v-xpedite--

anr Ilculati-ors. The Ifizt o! :his s : xe rotor_ alvanze

r1io 0 i i 3 thes ratio of! the heliznater s fo:ward

17



vloci-:y to :he rctational val oiV. The idvanc:. :a,:4: can

be represented as

((dimensio:lass)~V T

Applyin; small angle approximaticns ahe ivanc - -atic

becomes

(2) - V
vT

where,

VT ( R)

Th- second dimensionless ratio tt needs to be

calculated is the inflow ratio, X . The inflow :a-i: is the

raLtio cf the nst velocity up through -he ro-or sya- sm to the

tip speed. Fcr the near hover case, i < 3.I, the T a 3

and the inflow ratio can be approx-mat d by

(3) X V - T/=

In fcrward fliaht, the calculat.ion of :equ-:-s the

Ie-ermination cf the angle of at-ack 3f the rotor iisc.

Lettinq the angle of attack bstwen -he !iic pla:s; and the

18



-ncoming free-stream velocity be %3  and assuming n-s

be small, th- inflow velocity zan be calzlaen usni

(3a) C = -4 'Tan a3
2 /2+ 112

where

a3 = -Tan (Dp/L = -T?.:. (Dp/)

Dp = (Pp* 550)/ VF

The last dimenisionless oa:ame-.=_r -:h- needS- - be

calculated is solidity. Solidity is ta- factiln of the

rotor disc area that is composed of blades. ?or a blade of

constant chord (i.e., non-tapered) solidity can be -?xp:essed

as

(4) (b * C) / (2I

Finally, the tip loss fact:r, BTL, must be considered.

The tip lcss factor is used to account for :ne loss of ift

that a rotor blade sxperiances due t-c flow f:om -:h . .-otr's

lower suraacs to its upper surface. The -io loss ftcto: of

a -otc: can be approximated by

(5) B TL= 1.0- / b

19



F. VELOCITY CALCULATIONS

There are four velocities that are of interes-t. The

first of these is the dowwash velocity , W. Assuminq

steady flow through the rotor, the downdash velocity can be

approxi~eatid by

(6) W= (f/s)2P AD V F

NOTE: This equaticn is riot valid for smallvalues of forward velocity.

The second velocity that needs to be. calcula-.d is the

stall onset velocity, VS . The stall onset velccity is the

velocity at which the retreating blade "tip firs: exceeds the

static stall angle. The forwari speed !t which stall onset

is first noted can be approximated by t.ie velccity for best

range, VBR. This is due to the marked i..cre.a in profile

power :equi.:d at speeds higher than v.lozi-y for best

range. A typical set of power curves fo: i helicopter are

shown in Figure 3.1.

The forward velocity for miaimum ?/7 (i.a., best range

v9locity) is easily found graphically on :he power r.qulired

curve as the pcint whers a st:igh: lae :arogh the :ii:

20
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POWER REQUIRED VS VELOCITY
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As shown belcw, i~the paraz-4te piz r:zui: e-

equal t-. the p~cfile piwer zziquzired and za erjual-:-y i;s e

solved for an equation in which forvarl velocity is -she

variable, the r~u:is a cubic aquar.:on 4-r whi.ch the

largest rcot 14-fi-nes the pc-in: wheZre tna p:ofz,.e powe: an~

pa~asita Power are equaal.

1/2 oD9 1/8aCIP ~oAD(l + 4.*25

(7) 3-('4. 25 /(4f) Cdc ADVT VE c~~ ~ A~ D

Nex t ze largest Zoct Of aguati-n 7 n.eeds to b

I a-tar mi as-d . This can be aimply lone asi,:i h-i :ubic- ::oc*

squiation. Letting

(4.25a/I4f)C,1o A DT

a (/4 f) Cdo A 0V T3

!2guation 7 can now be wzit*.en -is

P7al VI - Wt -F -F

22



( X- p/31

fr VF in equation 7a yields an equa-ion of the fr:a

(7b) X3 + aX + b = 0

wh re,

a -1/3 02

b = 1/27 (2p 2 + 27:)

The largest rco- of equation 7b is theL given by

(8) V = + B

w h er e

1/3
A+

$g 1/3

.guation 8 can now be used as the initia app:cxi_-maon for

stall onset velocity.

The third velocity which is f in'-tar - is 'as

ha!iconter's maximum forward veiocity, VMAX. As shown In

23



Figure 3.2, the maximnum forward velocity' is als by

iat rseotion of th s po w 9r rsguird and power avallabl~

curves !or a gi-ven gross weight and altil:uds (Ref. 11.

POWER REQUIRED VS VELOCITY

------- MAX-POWER AVAILABLE--

IL TOT AL P0 WRE/
2 .

I VAX MANGS

S II

FORWARD VELOCITY (KT)

Figure 3.2. VMAX*VBB, and TS f rom Power Available Curzves.

Th =- 1.Z 9, whernevs: V?' > VMAX, th'e s a . a5u f C irt r)o w s

avai3.ablz to aus-ai Isvel fliaht.

The powsr-1i-mitel maxi-mum speed may i as- 'ma-:-d by



1/3
(9) vMAX (P AVAIL 1 (ft/s)

Equation 9 can be simplifiad by assuming -ha- h-he ocwe:

required at maximum speed is about the Same as -h5-: -quireA

at hover. Therefor=., assuming

PAVAIL 1 - 20 )  (HOVEi

a.. that

AVA - 1 6VER 2 3p X

squati:.n 9 can then be written as

1/3
(10a) v = M v I  ((fl/AD)

where,

(10b) VI

The last velocity that neels -o De calculated is -he

best endurance vsDcity, VBE. In -he normal operatin; :?nge

-he total he!iccpter power can be : ipresntzl by

(11) pT I + P + P p

25

N



AIssuai..g that: the va:,-ttor. of prcfilz Dowsr wit -- wr

valociLty --z n Sq -I ib le, -:he velccitv f:)= best :uac

(also -h-3 best rate of climb velocit-,y) zan be fo-arI. it

eg uation is differentiated with =respect t-o forwarid

vsiccit-y, V?, and- is set equal to zsro, itcar, be Seer that,

(h1) P, =3 P

Or

(11ib) '42 =3 0 f V

2 P A D VBE 2

S:)lv4ig equation for the best endu±rana-e vel:Cit"y, VBE,

(1ic) VBE W

G.INITIAL POWER CALCULATIONS

As forwarl velocity increases, t -e :nduczd 3,w

dscreases, the profile pcwer inc~iasss slightly, a n thes

parasite pcwer incresases until it beconas :ts, domiman- loss

at ingh speeds (Ref. 2). Porz f orw a=d , stra-i-Lt and .e-vel

fght, :he induced power can be ca*lcul2-ated by

26



12) p= W VVz + (92 2

If -ip losses a:e taken into affect (alua:ion 5), -h_

induced pocwer now becomes

(12a) P, ' /!W * P
(TL)

Since -h4 inducrm! power :equi-=ed In a-ri. effect is i-es

than that required cut of grouni effec:, eaua-:ion 12 shoul_

be writ-.:-n as

(12b) P, = (/T) * (GE) * PI

(TL+GE)

where,

GE = (-0. 1276 * (h/D) 4 + 0.708 * (h/!) 3

-1.4 569 * (h/D) 2 + 1.3(t32 * (h/D)

+ 0.5147)

The profile power tequired is given by

(13) PO= aCdo ADY (1 + 4..25 11 )

4 400 (hp)

Finally, parasite powsr given by
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(14~) ppf?

1100 ( )

-i ANGLE CF ATTACK

Ths determination of angle of a-tazc a: the azimuthal

positions of 90 and 270 degrees a =e iinran: in ths

d -ermiation of capr=ssibilir.y an. still effec:s. !t is

because c-f this effect that the dynamics of the blae mo-tion

ars important in analyzing helicopter p-eformance.

The angle of attack of the :otor is a function of

radius, r, and azimuthal position, P . Figure 3.3

illustrates he sign convention used in d_-e.rining blade

angle of attack. rhe angle of !t-:ack of s rotor can thus be

.s timated by,

(15) O (r, ) = - VFCOSC O + w - V t3

2R + VFSin P (r ads)

whara,

(15a) = %0 
0T 9c~s : T 0 Sin ' KB

1 2 B

(15b) $ b- al CcsP - bl Sinp

28



ANGLE OF ATTACK

1

i TIP P ATE' P&Anl

Figure 3.3. Rotor Angles in Longitudinal Plans.

TD isr-nie 3q3 of a-ack, :-s -:-z; n .cesz-:y ".o

d - s :mi.a - .he longitudinal colleciv. :ycic tn.l:.s 9 0

I.1 t*2 . This can be accomDllsha bi axpr-ss'.n -he

coefficient of thrust as

29



(16) C T aa ATI + (3 + K B) 2 +0T73 + (0 - B b1T4T -"o BT2

whe" .,

TI = .5(B 2 + 5 p ) T3 = .2552(32 + 112)
TL TL TL

72 = (.5B3 + .5u 2 B ) T = .5 . (32 + .25 u1 2
TL TL TL

dd.-iiona1ly, the longit.udinal f!=.pping coeffi= n-t al,

ned.s to be determined. The 1ongi a1i i la pin

ciefficient can be written as

(17) al = X A11 + ( 0+ K)A12 + 0T13 + (9- K bl).1L4T B

where,

D1 = (B2 - .5 3z )
TL

All = .25(.5 2 3 /8) A13 = 2 u BT2

B 2 D1 DT
TL

TL 8j A14 =B 2 + 1.5U2

_D1 =TL~ TL D

.Assum-ig that there is nc lateral flapping and -that -.he

f.fect is zero (i.K., KB = 0.3), sg-atimas 16 and 17 beccms

30



(18) .2SCT A T I E T2 + OTT3 +. 0 T 4

(19) 11 Al +0 0 A12 + D-TA 13 +*(G2A14

NIOTE: Since tna analysis 4.is caly 1o1king it
the4 azimuuthal s9~s~ 0 ard 270
decrees, I.: z:- be Sean i:OM aguat:3r
1:)b nthza ths c~:~~o

wil always bq z;r;-o at t:assB vsition..

Eguaviicns 18 and 19 ncw ==-p~esqnn: a s=-- of. st:ncas

equations in. which tha only unknowns a--e : colective and

cyclic an-glas and can thus be d-aee:nai. Knowing the

vilues of -.he cycl-ic and colls:ctive an.glas, -:he blide -:-4D

iangle of atn-ack at -:he 90 and 270 ege o:nscan be

e sti-mated by

(20) OL0 T +2 +

(21) 12 70 = 0 2 + 0T +1+

I1CTE: The. aligle cf atnnack, t , :.S lqe-fias
I.~t -v elY , the d I~ lans is nose
isee F,-gulre 3.2.
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1. STALL .OWER

In the helicopter stall normally st:ts at -i -ip If

,he retreating blade, sinc the highest angles of attack are

uslially at the blale tip. As the !orwarl speed io-.ases,

the stalled area of the rotor blade spreads inboa:i.

At the higher values of P, the effe:ts :f stal l . ?cw ar

required are great and therefore need -o be eszi.ated.

assuming a jump of 0.38 in the valaq.  :do C". 1-. s-tll o.se-,

:tat the rotor area within which the blaIe stall exists is a

segment of minimum dimensionless radius IS a-d - ..at""

stall area is symmetric abcut D - 273 deg.ees, C!-sl'es anl

New found that the effects of -ip stall :a power a-ired -

-he higher values of i arR. large and can oz approxiia-:sl for

high spead flight by

(22) Cps - 2( -u )Z (1 - S -

-- 6ar of wh 4 h

where is the nondimensional radius o:)board of whi he

rs=tr.atinc blade is stalled (Ref. 3]. nhe dimensionl-ss

radius, XS  can be estimated by equa-in the sec-.on angle

of attack, at 4 = 270 legrees, to A IAX :Ref. 4]. S_ttinq

squation 15 at 'p - 270 degrees equal to AIAX results in the

quadra-ic listed below.
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(23) (K -W) GO O(x + ')T2vO z YU' (X-1 .

Applying the quadntic formula to squatior 23 yisJis --he

(2 3a) x -a + V'Bg 4 JC
20 T

a S T

(23cb) 1' -B " +

2 E);2

(23e) B -POT- -f

Equaticn 22 --s satisfacmory fc: most oiases. I-- is

possible howevqr, A--oz: he blale sec-_io, angle of a-t-Ack to

be hiaher inbcar :han a-: the tia r ~a i~t wlhich

is ussually :eafared to as inboard stalliJag [aef. 51.

For the special cass of -iboa:i stalllrg, Se s F 4 ql=c

3.4, the -- cr::mental stall power :oceffiziant defiaed 'by

s gua tio n 22 istoo large and neels to) be corrected.
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INBOARD STALLING

Vv

Figura 3.1. Inboard Stall Pitri.

ss'lu~itg the stalled region is liamond s.aped as shown In

Figuze 3.5 and that the stallel -aea s symst:zic ibcu. ) =

3T7/2, i t can be seen that as X appz:,izhs xS v the

:oremc ion to the incz.mental stall pow.: zoaffici4z, CPSI

mus-- van'ish.
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STALL REGIONS1

lVF

I 1r

Figure 3.5. Approxiiated StilJ. Area~.

Si mlia1 y, as the avsrage of X 1',d K. qpachs uni:y,

thie Value 0-- o ST-9 tO :he va1ue Jef -led by 4gua :o- )2.

T1, re fcre, in orler to =orrec-t fo: 't. 30ssiblU-y of

4nboarl Stallig, the cor:action factoz, ks . e'e -c

35
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(214) k S 1.0 Bo -B >

T

(25) k B B/20 +X for -3
_S. T 1.0

Th=e cor=-ictse1 equatfion for still pcwer :a;ized this bzecomes

(26) C 'S "- k S* C P

J. C05PRESSIBILITY POWER

The individual affects of stall and co ~ivon

ron-or profils power: are subst itie2. at aigj2 alvancCa :atics.

Was-i both effeacts are o)resen,: the losses3 lua to :each sourcs

-a:=- difficuit -no distingquish. Therefoze, as a helicopter's

f_:ward velocity and ti-p speedl inc~ease, the nes! for a

si mple estimate of *- ,w the c-om ressibil- :, of a

:n-luences th'e rctor DoerfcrMancq i-s nec-:Sa~y.

In forward flight, the3 Mach number --f the a ivaacin 7

blade i s given by
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(27) M = TIP (X + Sinp

(27a) I TIP s QRV T

(27b) X :/R ~ nes~ai:di

Since :-he .hi-ghest lazci numbe: czs 'i: - ip :

i~vancina blads a-: '~ 90 27~s :a- b:

(28) + !( +u
90 TIP

Rzferencs 3.5 Shcwed -:ha-t ths ctcAL acz n2:b-2: r

iiverasncs can be :?stima-ed by

(29) =-m
CRIT

Gsss(,' and C: m, ~ h v ;s :a.on z

compriessbI .t y ~ou n :ha~ ~e cczm .- s3 b I iv cf't o n

:),:or paezfcrmancs das i =a-iiines D :U oc:

whr-n te +'D ach numvze: exceel ad the :-':ia la C.n nimb;:-

f': d :ag I iv erasncs (Ref . 6] ch a.nc:sa-e -4.- 2r:i 0 C

-s c - r tu~ s !;-a h a: a-: c-tCa:- i~ :..na: id~



(30) Cp c  A. D .1( D

(31) D 90 -r

38
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1V. COICLUSICNS AND icOVI1E1DAT:3NJ's

Thi objectIvs -If -Phis project was -: ?rovidae in zas'; -

use, _4n:er-active ccmpute: program vhizh ::ould bs use!

during the initial design phass --o estiza-:9 --:e :_ozil power

=squired by --hp ma--n rotor of a hreli-copte-s:. Ths z:M3u-.z

pogramis conzained 'hqrein prcvids rasuI'_2 wn:ca-: Ars W?1l

w: nta c objective accuracies(seFar .,0., C1

ani privide accsptibls resul-S as a fi-:s:- Cu- es-f

compressibility -and still powar requirement:s.

In the levelopment of the zomputat_-'n:a: modse, many

simpli.fy~ng asuniptiozns werse :2de to i ise =_-: e a rr 3 -1:n

0 'a p ut a t-*c r ze q Ui4r-f The issuI nD::_-n Whi--ch mos.: Impacts o

:eaccuracy of ths progr=am is than_ of steady flow through

-:Is o-:

The flow envir':nment erncountere-1 by th=e :otor chiarges

rapidl~y lue -o the ra:? of chanae of blaIw_ anole c'_ attack..

Additicnally, :ctor operation at hich vincz rairis also

pioducss considerable radial flow along :h-3 blade cSP an

The st-_m-iy flow assumption ignores --he l a:n spact:

of rotor- aerodynamics. The iynamiz nature? of tam tor

esoeciall y when operatIng a-. Dr near -r!e sn!all 7sgime,

reqa_ i-4s the appil-cani-on of -insteady roia.s and a

39



close a-xamination of how the pitching 3D:.nts ger-zi-1 by

.:'. r.--t.g bad- stalli .g aff sc-~s

controiability [Ref. 7]. It is -threfore _-coad-d -ha:

a i tional investigations consider how -:h s n s-- ady

ta-odyna -ics, and oitching moments gsner:-- si, influence -h-a

p=._fcrmance of -he helicopter.
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NC1MEN CLA TU R

a a Slope of ai ii rad

Secti3.n lift curive.

AD Rctor disc area.

S3 Alpha3 Disk plane angle of

vttack.

SMAX AAAX rhe steady flow stall =ad

angl. of the a irfoil

(given by a * CLYIAX

A90 rAngle of az-!:-ck of =ad

the advancing bale

at P= 90 degrass.

A270 Angie of at-.ack c,=  -ad
270

the retreating blid-

a- ~'273 derees.

-l i1 Lonrgit ldinal flapping =ad

All All Term in definition of isionless

rH2TA2.

12 A12 rerm in daiini-ion of isio.lss

ZH..A2.



A 13 A 13 Is:rm in def "_.iton of 142 S- nS

rHETA2.

A 14 &14 Term in def initicn of

rHETA2.

b b umber of blades on ~ imnsionlisss

the Main rotor.

a BETAO l1ain rotcr conina :ad

a ng le.

B B S T qr m in de fI it-4o n o im onsS

IS

BT STL Tip loss factor. iesols

C C l9ean ch'ord of t"alin

:otor= blade.

CIC CDO ma in r o tor c9f_-::i 'r. di-mensionjless

of drig at Zero .:

CL MXCLAIAX qlaximum ccef::e. Of dmension.~ess

.1 .!:(2 -D) .

C CPC Corr:-ection -:: Dow3 am nan.s

coefficiAent due -:o

c-ompres-Sibility affects.

C PS CS _orracticn -o power laenioiss

c:oefficiant due : o s-ill.

CS S Z r m ind ef nti': n 0 Is. :21:z:3

'-S2



C T CT Z.,efficiernt of thruzlstdien -:=S

Dp D R11 dsc Iii-e:.

D DP Parasite Ira; o: the l

tieli cop-.er.

A.1D DI D Term in the ni~ls

o:f com pss'b I y

DO v r.

5 DEL3 Rate of change cf blads
3

:)iJch vi' h :espec: to

blade f lapping .

??PA 2quivalent flat plate f

arei of the ecc :

-n orwarl fl-ght-.

GA' Term in. de-finition I- *imniless

3 and C

G. E. GE 2 :ound eff-c:_ ra:.io. '1 1m e n 3i on 1s as

R leliht of mnali zotor

above the ground.

hp I? 4orsepower. hp

K KB effect. Ilaensionless
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LAMiB 'Ratio of the -e- im >3

velocity up through

the rot-cr system to

the tip spead.

:IACH klach number ofrcto: :=nS

bI de.

'iCRIT :=itical m!ach nlumo~r jOlS
CRIT

:) = advancing blade

at 'P=90 degrees.

4 tT ITip nach number of iimcetSicnlessc

r:o-tor balda.

~CRTO ICRTO miia.~ach numbarIn:Cl.S

for Cl :%0.0

u 4i Uanro alwanci iime:asiofl~ss

ml Co nst ant inbfnto

of critical ,jach numbser

(mi 0.113).

011 GA Rotati-onal vteloci:Y- :ad/s

P P1 power required d":? 'to hp

coDupressibi2.ity efcs

4(4



P PC Profile power. P"O

PP Parasitei Power.-p

PS PS Power requir.d du- to hn

stall effects.

R R main rotor radius. f

P RHO xir d-znsi-y. slug/f-t

a 3S lain rotor solifiv,

o THETA Ratio of ambien-- -smp- im:ionl -

sra-ure :0 stanf-_l sal

level -empezatur .

O THETAO 'ain rotor collective =a!
~0

Ditch.

Aain :otcr er a I  -:d

pitch.

9 rHETA2 Main rotcr l0nai-u --ii: ad
2

zyclic pitch.

T1 T1 rsrn in definriticn of -ime ". i 3n -e - -

7HETAJ.

T2 T2 Ter in r eminiio of in 2er--i rnl0srS

rHETAO.

r3 T3 Tern in defi'n.iticn of s S

r 3ETAO.

:4 T4 rer2 in lefi.n.ition of ms.si:nSa s
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I

1HETAO.

v V induced ve. Oc. Y-

V F VF ki:craft forward spesi. f.-/s
<F

V VKT Aircraft forward speed. kt

VLIAX VIAX 'aximUM forward velocity kt

i possible.

7 Vs Stall onset velcci.ty k

(velocity at which A27)

equal AMAX)

VT  VT Rotor tip sp-ed. ft/3

a SVEL Speed of sound. f -/s
Sv

w DW Rotor dcwnwash veloci:y, f-/s

W W Aircraft gross weight. 1b

x X ozRadius outboard of which ,iimensionless

the main rotor is stallad.

x KO Radius inboard of vhich dimensionless
0

rotor blade stall may

be present itle t- infl!w

ra4tio and blale twist.
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AjPEND! X B

3i 1-CV7 ?CGRAl' OJTT~

A. GENERAL

Ths H1P 41-Cit program uses 45 prograz stOLrage =gis'~s-.

Pror -,:o pro g-ram in i: -'alizat -on, -:,i hanlhs-" calculatc:

should be sized to 46.

~Ths acmputsr :):oq:am ccasists of a ; r,:q:m whri-ch

Calculat-es :he naeqsslzy ly nm -c ?a =1, a s o: f u Te A ;,

:,otor aad several sabzoutin~es which c a:ea. powez required-

13s wlI as 'the maximaim f orwaLrd vr-, z, t7, s-:,all onsse:

lelC~yand bes-t e-iutince v=Ioc4::y.

Ths locumen-at-'on ths H P 41l-CV :)Zog:am vI

-.1-- the followi!ng sections:

1. PUR-:POS!

J.i s.ction, descri!)as t hz 7,,ild purpose 0,9

-hc- progtam or subcsut'ine.

2. ASSUJiPTIONS

T his ss::t ior Iists ar y asaumptionc-s mads whi-ch ares

applicable -:a the or ogram cr subroutine.

2. EQUATIONS

This section lists ttie squ.&aions utlzdwi-hia

temaia procrim ovsb: u~e The p:4ima :y s:

4&7



- a-qu at ionsj usa-d are AProdvn!Ami aa XZSTIL I

zAgaft P2erjorman s, R -3feren cs 3. 3.

4. FLCWCHART

Both the handheld comD~ater an! --he :31 3033

normally executze ist~ucticris in a pocar -'a a saun:iam1

ma ne= -anless i:- is i4-stuc:ad to doo w-*.Sc

s:?c-_4cz will graphically bers~ h y s:=-p hi

xsed t0 solve th'e problem as waill as flow~ o~f co.,o

be-tween the variocus parts of the p~ogzam. Ia a fIv-cha:,

~iffersnt n ypes cf ope-zations are in-!Jioa-ed by -if1er:0

!saoed boxces as --. ustratc-d belIow:

C D0Val. F:: star: or s.p

Rectangl.e a aciainC:

Prcess other -:Ilan
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Diamond For a scisi- n.

small circP'- i~ n on oilz

0 :wanact 0n iJaifl 3

')n ,:hz Sam=- Digs C=

t3 c::nnct ' o boxes.

a ~ziwchaz: =On-:inu' s

-0 Digs.r n
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5. PRGGRAMS AND SUBROUTIIES

subrcu--inqs wihch mustz be p:asen :n i~ -,IP H?-C j::^o:

prcgramn --xecution.

6. PFCGRAM LISZING

Th Is s s- - 1on ccntains h iP 41-CV ls, 4; .1h-?

pzc~qraut or subro~utine.

3. QUICK( REFERENCE TA3LE-S

Th-e -:abias In this section wIll :z- as---ul -:c assr ,,

9i HP 4S1-CV handheld calculator as a souz:e f quick

r f -enC . Table 1 i s an 36lp L q t zai si: g l

cilcula-: d' splays wi-th a n p lann v: a .e: :s'0e c -I a

ms an 4In q Tabl e 2 lis-ts all s-,c :a,7 :-is i: sed an!

isscribes how : hsy ar- t2iz

Is



1. HPL41-CV Disolavs

TA3LE 1

DISPLAY DEIII 01rvrT S

a = ?slope of ai=,foi2. lift C.,:7-2. 7 ad

b = ? umbzs: of main o~ b--z!-s. 1I/A

c = ~~Chod langth of i~~rn:

DA ? DAeas J-y al I---Iie.

Cmc ? Main rotor Coeff :-4 0f.: Iag /

at ze~o lf

FP Eqivalent o:o:.ta '2e

hr ? ffeigh-: of -hie manii o a.)ov--

-:h- ground.

O=? Critic l ach r,.in'o r fo:: N/N

cosff-icien-t 7:f 1if z-qgIa :o

zero.

R= ? ain rotor ai~s ft

TW isT ? Gometr-ic t:wist of ot.rd

V F (K T) ? ForwardJ vsloci'-v. K

VT ? Rot o: t - soe d. f -/S

? ~ ic :ift c~ros S~a. o

CD L ai, - 51



CYCLIC = a r oto= Cycli:c ~~

PT = Induc-Sa mower :7acuizad

compensated fcr: t-ploz

and g~ound effezt.

PM =Power required lu -:o

PO = P?:).ile DOwer 7sa':::_. at

PS = Power zequirsd u -:o -:a

VBE = Maxiamt encduzarzze vilcctty. Kt

cna calculitei by V?!.k1~a 7.X.

VA AXaxiMu1M f ozwa rd vel -c tY. K

VS =initial. estimiate .:0: :i i K-

Onset velcCi. y.

XS R adius ou-:boa:d o-., whica I /

main rotor- Is Stall1d. t.

X3 ?ad ius In board I w'hlch :rr

blade stall miay be rs.

a Angle :) a--tick : :a ivalaclnq ia

tlai 1. 0 dz~ns

* ~7O ~fa~.~ck :~e :S~a- ~
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blade at =270 Iegz:s.

TABLE 11

ST 0'1AG Z

00 G r --und Bf f 9c-t :r..o (i

31 Max-6.zan fo::ward 7slocity (VIAX)

32 still2 onset velocity (VS).

05 Rotc: zadius (R).

06 !4umb~r cff blades (b).

07 Zerc-3.ift drag f:.e:(m

09 Rotor heig.ht above the g:)1ni 0

11 A-,= lensity (RHO).

12 Lift zzurve si:zops (a).

13 Rotor -:4r VeS.oci4y (VT)

14 Coffc-ant of th =ust (MT .

15 Ti p-loss factor (BTL).

16 Nain :0-0: i-ndLce'l ocver(?.
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20 Indurad vslcci-y (VI).

21 Mair ro-::r profi-le power (P:)).

22 Advance ratio (,IIU)

23 S,:all power (PS).

2 f4 Alva-ice =ati-o squared (IU2

25 Forward ValCCi4-y (VF).

26 Equivalent lhcrizsatal. ffla':pae :a(?

27 maximum 2-D lif": coeffi4c:,--n: (CLiAX)

28 Main. ro- o: Parasite power (PP).

29 Mai-n :o--Dr gecmetric twist: (TWIST).

4 1 Angle off attack at 271 de-:raes (A27)).

42 Angl* of atTack at 90 dqgree-zs (A9J).

'43 Sonti: veloci.ty (SVEL).

44 Criltica. Mach number for c~sfficiarn- of lf

equal to zerc (ILCRO).

'45 Densizy altitude.

OTHERS Scratch pad calculatn-ons.
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C. PROGRAM1 DOCUAENTATION

This secticn conmdins the nec-assary documena-:. :o:

the HP 41-CV computer program. The main program as well as

all of the subroutines used in the solutioa of :he problem

aLe ou-lined In -his section.
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(a) PURPOSE

This program calculates the dynamic paramete-s of

the main rotor which are necessary for ciculating the

total 2ain rotor power required in forward, high speed

straight and level fli t. It 3ditionally controls -the

execution sequence of the various subroutines which are

used to calculate main rotcr power requi-ed, in terns

of horsepower, as wall as maximum forward velocity, stall

onset velocity and velocity for best endurance in knots.

(b) ASSUMPTIONS

(1) All angles axre small.

(2) Steady flow through the rotor.

(3) All rotor blades are rectangular (non-tapered)

wi-h only uniform twist being possible.

(,) Only the first hamoni- of flappinz 4s nscessary

for calculating power required.

(U) The effective dimensionless ._-ius can be

apprcximitedy by the tip-loss lactoz.

(6) The thrust vector passes through the C.G..

(7) The static stall anala for bialas on most

helicopters can be approximatal by the ingle at

which CLX occurs for -the 2- airfoil.
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(8) Th 6 3 a ffec , :r :a _-su!- of cocking-

flapping axis of ths biad- so that :s pt:z:

varies as the blade flaps is zaro (i.e., n

lateral flapping is present).

(a) EQUATIONS

, V F V /V T

V (ft/s) = V * 1.68894

T1 .5 (B 2 + .*5 1,12)
TL

T2 = .334B 3 + .5 2 B
TL TL

'T4 = .5j(B 2 + .25 p2)
TL

D1 = (B 2 - .5 wu2

TL
Al 11 (4(.5 B 2 0 u /9) /D1

TL
A12 = 8uB /3D1

TL
A13 = 2ui% / D1
A14s = (a 2 + 1.5 2) / D1

TL
(2CT/ca) = X71 + 9 12 + 1T-3 + 3 T'4

0 T2o 23 = NA11 + 9 oL12 +" 9T.Al13 + i A14

Amax = CLIAX/:LA

a27J = 9 - a + 9 (X /1 +
0 2 T

7 = AMAX-Q -
0 2

CS = + A

BS = - A T - r

XS = -Bs+ (3S - agTCS)-S / 2 9 T
X 0= -B S -  (Bs2 - 4 TzS ) s / 2 9 T

57



d. FLOWCHART

start

Input:

A

subroutine

sucroutlne

skuiwo-ut ne

Surine

Isuor out. ne



B'Q

Subf outtiesubrout nesubrout noe

subrout ine

calcua:Cate:

,x X

subrout ni

IcalIcul ate:

DISPLAY: calculate:

T4 suor out tie

.4M A11,A52, 9

59



I PT

ubroutln-e

subrout ne

0O TO A

e. PROGRAMS AND SUBROUTINES USED

" SD" "CT"

" PIT " " LAMB "

"PO" " CPSU

RPPI" "CPC"
"vs " ag

"VMAX" "CNG"

" DEN "

60



f. PROGRAM LISTING

43 "W?' 82 3
14LBL "WB 44 PMPT 83 YfX

@2 'R-' 45 STO 45 84 3
03 PROMPT 8c /

@4 STO 05 46.LBL "4" 86 EWTM
5 *b=" 47 RCL 25 87 RCL 24

@6 PROMPT 48RL 13 88 15

87 STO 66 49/
88 "C=I"  50 STO 22 .. 2
89 PROMPT 51 Xt2 91 /

I@ STO 4 52 STO 24 92 +

!1 "CdO='" 53 XEQ "D 93 ST 34
12 PROMPIT 54 XEQ INN 94 RPCL 36

13 STO 07 55 FS93 5 RCL 24
14 "W" 56 GTO 85 96+
15 PROMPT 57 XEQ 'PIT' 97 RCL 36
16 STO 1 58 XEG 'Pull 96 *

17 "VT=" 99 4

18 PROMPT 59LBL 95 188 /

19 STO 13 6 XEG "PPI* 101 STO 5
28 "YFKT' 61 QV 182 RCL .30

21 PROMPT 62 F9S' 83 13 RCL 24
22 1.68894 63 GTO 66 16 4

23* 64 XEQ IE" 1695'
24 STO 25 65 XEQ "VqMX* 106 +
25 -FPP=I" 66 AuV 167 RCL 22
26 PROMPT 18 *
27 STO 26 6L.4 19 2
28 I"=?" 68 KEQ "CT" 116 /

29 PROMPT 69 RCL 15 111 STO 36
38 STO @9 76 02 112 RCL 22
31 71 STO 39 113 RCL 30

32 PROMPT 72 ENTER" 114 *
33 STO 12 73 RCL 24 115 2

34 CLWX='?" 74 2 116 /

35 PROMPT 75 117 RCL 22
36 STO 176 118 3
7 TMIST=?" 77 ST 31 119 Y'tX
38 PROMPT 78 2 120 8
?9 STO 29 79 121

• 88 STO 33
41 PROMPT 81 RCL 15 123 4
42910 44

61
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166 RCL 12 297 -

124 167 / 28'
125 RCL 38 168 RCL 19 289 STO 132
126 ENTERt 169 / 210 FS? 03
127 RCL 24 170 STO 42 211 GTO 07
M2 2 171 XEQ "LANB" 212 R-3
129 / 172 RCL 03 213 *CYCLIC='

13@- 17 RL 33 214 ARCL Y
131 STO 32 174 * 215 RVIEN

132 RCL 30 175 CHS 216 STOP
133 * 176 RCL 42

134 / 177 + 217#8BL 7
135 STO 37 178 RCL 2 218 RCL 31
136 RCL -2 179 RCL 35 219 ENTERt
137 RCL 15 189' 220 RCL 36
138 181- 221 RCL 32
139 8 182 STO 31 222 *
140 * 183 RCL 93 223 -

141 3 184 CHS 224 PI 34
142 ' 185RC 37 225'
143 RCL 32 186 ' 226 STO 33
144' f87 RCL29 22.7FIZI 3
145 STO 38 188 RCL 39 228 GTO 08

146 RCL 22 189 *29 R-D
147 2 1" - 238 COLL="
148* 191 STO 32 231 RCL X
149 RCL 30 192 RL 34 232 $WIEM
159 * 193 * 233 STOP
151 RPL 32 194 ENTERt 234 AP
152 / 195 CL 31

153 STO 3Q % CL 8 235LBL 8
154 RCL 1 197* 236 ML 33

155 t !98 - 27RdL 2

156 RCL 24 1" PCL 34 238 -
157 1.5 298 EERt 239 RCI 29
158 S 201 CL 4 24@ +
159 + 202 * 241 ENTERt
161 RCL 32 203 RCL 36 242 RCL 43
161 / 204 ENTERt 243 1

162 STO 40 295 RCL 38 244 RCL 22
163 RCL 14 26 * 249 +
164 2
165

-52



2 / 287 Xt2 327.LBL 803242 /88 STO 36 32e XEQ 'CPS'
24 + 289 ENTEt 329 AF8
248 STO 41 29 RCL 35 33@ CF 81
249 FV 83 332 CF 82
250 CTO 8 292 CH)250GT X>YI' 332 CF @'I
251 R-B 9. r3 ER 'CPC'"25 "27 " 293 SF 81 3 EQ P

253RL24 FS? 1 33
254 AVIEW 2% GTL 3 336 XEQ -TI-
25 STOP 297 RCL 3 337 XEQ 'COG'
256 AIV 298 + 35
257 XE "00" 29 338LBL8 2" SORTAN 3@6 STO 38 339 X Q"*Y
259 R.CL 27 391 RCL 31 30 Eg

2612 PCL 12 392 CHS261 / 383 +
394 RCL 29

263 - 385
264 RCL32 3962
265 + 37.
266 STO 38
267 RCL 223 9 X =
268 CHS 319 ARCL X
269 RL 29

770 *311 RVIEW278 *
271 PCI '1 312 STOP

313 KCL 31272 - '1 H

273 STO 31
274 RL 38 315 RCL 38

275 RCL 22 317 C
276 *317 RCL 29

277 RCL 83 318 /

278 + 319 2

279 STO 35 32@ /

2N0 4 321 STO @8
322 "XO="281 CHS

282 * 323 QRCL X
283 CL 2 324 MYlEN
284 * 325 STOP284*
285 STO 35 326 Ply

286 RCL 31

63



2 . 3 o i -' "V

a. PURPOSE

This subroutine calculates the ratio of 
total blade area

to the total rotor CISC area.

b. ASSUMPTIONS

None

c. EQUATIONS
b~ C t R) C _

PI* R PI*R

d. FLOWCHART

start

calculate
seoliitu

return

AWb..



PROCJHAMS AND SUBPCU]INEc. USED

1. PROCI.iAM LISIING

@I#LBL *SP"
01. PUL 06
@3 PCL A4
A4 *

K R.[L @5

09 SM 19

65



3. Dcwnwash Ve .;i6

a. PURPOSE

The purpose of this subroutine Is to compute the induced

velocity of a rotor system.

b. ASSUMPTIONS

Steady flow through the rotor system.

c. EQUATIONS

W 2

d. FLOWCHART

start

calculate

downwasn
velocfty

store DW
In R32

returnr

e. PROGRAMS AND SUBROUTINES USED

a WBSW



f. PROGRAM LISTING

@I.LBL 'W
K2 PCL 25

&@4 GTO 05
@5 RCL 18
86 2
87 PCL 1!
08 *
09 RCL 25
10

13 CL 85
14 t2

!8 GTO 06

I9*LBL 81'
28@SF @3

A. 21 *LBL 86
22 END

61



a. PURPOSE

This sunrouttne ca1cuietes the coeff ctet 
of thrut for a

arbitrary rotor.

b. ASSUMPTIONS

Steady flow through tne 
rotor system.

c. EQUATIONS

CT pA V 2

d. FLOWCHART

start

i
clate
athru st e

Scoeff of

retur

68



.. PROGkAMS AND SUBPOUTINES USED

f. PRIOGRAM LISTING

@1.LBL 'CT"
02 PCL 05
03 X 2
94 P1
@5
96 RCL II
@7 *

r8 RCL 13
9 Xt2
18 *

12 RCL I9
!3
14 STO 14
15 END

69



5. Induced Power

() PURPOSE

This subroutine calculates the power rsquir-1 byv -,he r-c:

tzo produce thr:ust: iathover and forward flgnt. Addliti-onally,

thi-s subrouti-ne corrzect's for tip losses (OSSCS :z in at :he

.i.ps due tip voticas) -is well as gr:ound e-fect:.

(b) ASSUflPTICNS

St-eady flow thro ugh the rotor syst-zi.

(z) EQUATIONS

B 1.0 :!

GE = 0. 12 76 (h/O)) 4+ 708 (.hID) 3

-1.4569(h/Dl 2+1313&2(i/D1 +.514J7

PIT = 1/B )(13E) *P7

70



d. FLOWCHART

start

calculate
tip loss
factor

YES NO

56

culate
G.E 1.0 Cal

GE ratio

calculate
Induced
power

compe a e
for tf
10 9 S

compensat
fo G.E.

return

71



e. PROGAMS AN) SUBPOUTINES USED

was

f. PROGRAM LISTING

@I3LBL 'PIT' 13 8 3 SPT
01.LBL *~TT~ :34 649h282 RCL 14 35 64 STO -2

032 36 RCL 17 6
@4 3- 46I'

75 Q.T 4Y 67 RCL 32
06 RCL @639-.1176 68

07 / 48 *7008 CS 4g *78 /
08 C 41 + 71 CHS

42 .5147 72 STO 34+ ~43+11 STO 15 4 Xt2
12 RCL 09 44 STO A 741

13RCLO5 45 GT0 06 75
14 276 SOFT

14 2 46*LBL 5 77 RCL 345 ( ? !7
46116' /  

48 STO 00 79 SORT
17 STO 17 8- R1
18 1.5 49#LBL 06 81 *
19 X<>Y$I

2 > 50 PCL 2 82 RCL n-
1 ITO 05 51 Xt2 83 *

22 RCL 17 52 STO 32 84 550
53 RC 10 85 /

2 4 54 2 86 RCL 15

25 RCL 17 87 *
26Xt2 56 RCL I 88 RCL
27 -1.4569 58 /! 90 STO 16
28 * 59 / 91 "PIZ'
293 RCL 17 60 RCL 05 92 ARCL X

61 Xt2 93 QVIEN
31 3 62 / 94 STOP

95 En

72



a. PURPOSE

This subrouttne calculates the profile power required for

forward, straight and level flight In terms of horsepower.

b. ASSUMPTIONS

Steady flow through the rotor sustem.

C. EQUATIONS.

P u Cdo p A V2 (1 * 4.25;-:)
0 0 T

4400

d. FLOWCHART

start 

calculate
profile

po er

store PO
in R21

return

e. PROGRAMS AND SUBROUTINE USED

Wes*

73
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f. PROGRAM LISTING

01. LBL "Qf01"

@2 RCL 19
01 RCL 0 7
@4

85 R:CL 11
06 *
017 RCL @5

09 *

!!,

12 RCL 13

14 YtX
15 *
168

18 STO 21
19 RCL 24
29 4.25
21 •
22 1

*7+

24 RcL 21

26 550
237

28 STO 21
29 "PO="
30 ARCL X
31 AVIEW
32 STOP
33 END

74~



7. ra_-sit PaWes

a. PUPOSE

This subroutine calculates the parasite power required in

forward, straight and level flight.

b. ASSUMPTIONS

Steady flow through the rotor system.

c. EQUATIONS.

pfV'pp r.(hp)1100 (P

d. FLOWCHART

start

calculate
parasite
power

store PP
In R28

return

6. PROGRAMS ANO SUBROUTINES USED

Wes

" WBS



f. PROGRAM LISTING

@.ILBL '°P1
02 QCL I
@3 RCL 26
@4

8 5
86 387 L 25

$9 YtX

!1 558
12 ,o

17 STO 28
14 -PP='
15 ARCL X
16 RVIEW
17 STOP
18 END



8. axiam FC:W-:A V.Oj

a. Purpose
This subroutine calculates the power-lImIted maximum speed

of the specified heifcopter.

b. ASSUMPTIONS

a. The Dower-limited maximum velocity may be estimated

by neglecting the vartatIn of Induced power and Drofile

power with speed.

b. Power required to hover Is approximately equal to

power required fo maximum speed.

c. Steady flow through the rotor system.

c. EQUATIONS.

VMAX= v .... 1
f/A

0

77
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0.FLOWCHART

start

calculate

Induced
velocItY

calculate

max fwd
veloct

N40 v > YE

max



P~ ROGkAMS AND SUBPOUrINES USED

*was

f. PROGRAM LISTING

82 RCL 2 6

13 RCL1l
14*

i 5 STC 0 @
16 11.88

12 2 CL@
2- 3 CL2

25 GTO I1

28#B Y12'

2 RL 2

26 EK

2? ~TO 79



.. 3 .. = 1.2CG Va2cc.

A. PURPOSE

To calculate the value of velocfty corresponofng to

mfnfmum power (i.e., best endurance velocity and/or best

rate of climb).

B. ASSUMPTIONS

1. Steady flow through the rotor system.

2. The varlation of proftle power with forward veiocity

is negligible.

C, EQUATIONS

VK A *( )LI2]" (ft/s)p*A 3 * f

0. FLOWCHART

start

calculate

convert
BE to
knots

* return

30



e. PROGAMS AND SUBPOUINES USED

WBS

f. PROGRAM L IS T ING

SCL @"5E

06 3

@8 CL 26

18 SORT
1: RCL 10
19 $

14

15 RCL 5
16 hi 2

!T' ,

28 SOPT
21 1.68894

2 VBEV="
24 4RCL X
25 QVIEU
26 STOP
T7 END

, i



10. Stall Onst ve oci4t

a. PURPOSE

This subroutine gives the user of the HP 41-CV an initial

approximation for the velocity at which the retreating blade

angle of attack Is approximately equal to the is approximately

equal to the static stall angle of the rotor blade.

b. ASSUMPTIONS

1. Steady flow through the rotor system.

2. Stall onset velocity Is approximately equal to the

velocity for best range (I.e., minimum P/V).

c. EQUATIONS

p = (-4.25c Cdo A0 VT )/(4f)

r = (-j Cdo t V )/(4f)

a -1/3 *

b = 1/27 * (2 *P 2+ 27 * r)

A a C -b/2 + (b 2/2 + a3 /27) 1/21 13

B * C -b/2 - (b 2 /2 + a /27)1/2 1/3

--. .-- ------------- i--



d. FLOWCHART

start

caalculate
A and B

f tnd & R
largest 

S4V1cubic rootiYSN F

VSJ A A

VF VS1

e. PROGRAMS AND SUBROUTINES USED

Wes

813



f. PROGRlAM LISTING

47 RCL 31 93 Xt2

01'LBL *VS" 48 Xt2 94 SORT

82 FSl 93 49 4 95 .,91

03 GTO 10 56/ 14X6 0Y

04 RCL 19 51 RCL 39 97 X<=Yl

@5 RCL @7 52 3 98 GTO 11

06* 53 YtX , 31

07P1 54 2? 1@ RCL 41

gs 55 / 18! X>Y

@9 RCL @5 56 + 182 GTO 12

18 X2 57 SQRT 193 RCL 41

1, * 58 STO 33 1@4 PCL 31

12 4 59 RCL 31 105 X>Y)

1- / 68 CHS 16 GTO 13

14 RCL2 6 61 2

15 / 62 / 1@7,LBL 12

16 STD @3 63 + 1 RCL 25

17 RCL 13 64 .3334 199 5

18 * 65 YX li -

19 4.25 66 STO 32 111 STO 25

28 67 RCL 31 112 GTO "CN"

1 CP'S 68 CHS
22 STO 81 69 1.3*LBL 13

23 RCL 13 7@9 114 RCL 25

24 3 71RCL 33 115 5

25 YfY 72 - 116 +

26 RcL 03 73 .333334 117 STO 25

27 * 74 YtX 118 GTO 'Q"

2t CH. 75 STO 34

29 STh 92 76 RCL 32 I!4LBL H1

0 27 77+ 129 CF 03

31 78 STO 82 121RCL 41

32 RCL @1 79,.25 122 R-PD

i3 73 8@0 123 *iSTPLL="

34 YtX 81 RCL 02 124 QRCL X

3 82 + 125 QVIEW

36 83 STO r5 126 STOP

+ 84 SF 93 127 RCL 25

38 27 85 GTO " " 128 1.68W4
39 

44129 s

48 STO 3! 86*LBL 10 !38 *VS="

S1RCL 81 87 RCL 27 131 RCL X

42 X 2 88 RCL 12 132 RVIEN

4",-3 9 1-3 STOP

44 I/y 9 STO 31 134 ER

45 s 91RCL 41

46 3T0 3@ 92 -

34|



1!2 w ,

() PURPOSE

This subroatina calculates +,he :t of :.na n-- vs1oc-"y an

throiigh the :ctor system to the tip spead.

(b) ASStJ!PTIC.4S

(C) E-QUATION4S

p (?P* 5 5 0)/V F

-A A



d. FLOWCHART

(~start

calculate

01I

return calcu'Iate

363



e. PROGRAMS AND SUBROUTINES USED

was

f. PROGRAM L IS IING
39 RCL 01

@1.LBL 'LAW 4 -

@ 13 42 SORT
g4 J4-1 .00@e,
05 SORT 44X Y

06 H8 4 GTO 8 2
F 0 9346 RCL 8

H8 .1 478108O 3
9 KUL 218 108

18 GTO 01

I I 1j0 K 4Q*LBL 02
12 RtL 188R~.8

14 *

'19 PCL 25 52#01. 86
57 ERBD

e 17RCL I@

19 STO 23

2@.LBL @1
21l RCL 14

22CHS
2.: QCL @3
24 4 1
29 RCL 24
26+
27 SORT
282

31 ENTERt
32 RCL 23
3 3 R-D
344 TAN4
375 RCI. 22
36

38 31O08

37



12. A%-. of Azt ck a= 90 De: . s

a. PURPOSE

rhfs subroutine cdlculates the angle of attack at the

azimuthal position of 90 degrees.

b. ASSUMPTIONS

a. Steady flow through the rotor system.

b. Blade oscillations are Periodic In nature.

c. Only first narmontcs of flapping are necessary for

calculating dngle of attack.

d. The thrust vector passes through the C.G.

e. Only uniform twist of the rotor blade is possible.

c. EQUATIONS

ago e a + ++
0 2 )

gi



d. FLOWCHART

start

Ereca 11
col lecti ve

cyci fc
an le

recall
1linear
twIst

calculate

ago

store In

RM42

return

89



e. PROGRAMS AND SUBROUTINES USED

was

ago

f. PROGRAM LISTING

@.,LBL". °

@2 QCL 373
03 RCL 32
@4 +

@5 RCL 29
@6 +
@7 ENTERt
@* RCL 83
09 1

10 RCL 22

!i4-

14 CTC 4

15 P-D
16 9008=
'7 4 PCL X
18 QVIEW
19 ST9P
2@ EHD

90



13. C0D- =z.b il i.t _

a. PURPOSE

This subroutine calculates the power required due to com_

pressIbflfty on the main rotor sustem in forward,straglt

and level flight In terms of horsepower.

2. ASSUMPTIONS

a. Steady flow through the rotor system.

b. The ccmpresstbIlIty losses can be expressed as a function

of the amount by which the drag divergence Macn nunber Is

exceeded at the tip of the advancing blade.

c. EQUATIONS

tp a

AM M - M,, 0.06

Nc - 0.71 - 2.3 *90

C - * C0.012 *6M * 0.1 * (AM)')

P C P * PI* R* V s  ( HP)m p t

550

91



d. FLOWCHART

start

calculate
tip Mach
number

TcalculateAMO

recall agO

calculate
critical
Mach No

calculate
compressibili ty

power

store In
Ri8

92



1. PROGRAM LISTING

81.LBL 'CPC" 38

a3 RCL 2 
T 3

@ 4 *1 
4
40C RCL @5

88 STO11 44*
49 P P12

4QP41

13 CHS 5

l~ 
52 F5@~

C"S
54 10 :

56.)LBL @

STO 58 910 18

4 y 94LBL 180

26GIG @9 6i ARC

27 CLs 62 DVIEN

~Q ~tx ~STOP
2 9 A t A 4 E N D

32 --NTER#

34 .812
,C

93



a. PURPOSE

This subroutine estimates the additional power required in

forward, straight and level flight due to retreating blade

stall. AdditiOndlly, this suoroutIne calculates a stall

correction factor, k that corrects for the special case.

of inboard stalling.

t. ASSUMPTIONS

a. Steady flow tnrough the rotor system.

b. The section drag coefficient at stall jumps approxi-

mately 0.08 at stall onset.

c. The stalled area Is symmetric about the 270 degree

azimuthal position.

d. For all airfoils considered, the static stall angle Is

approximately 12.5 degrees.

c. EQUATIONS

-B
_ 1.0

2 te

where.
B -u *e- F
• 1

r 0.218166 - e + e
o 2

B*/2 x+ X

12

C = C 24 (- U ) ? - X) * (1 - X) 112

P = p * P *R2S oT

14

. ,]S
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d. FLOWiCHART

*.PRGAM NUOUIS USED

k 1. clult
* stall

'U",

*stal~ on1

*LWS

95



f. PROGRAM LISTING
72*

1*1L "CPS" 31#.BL 02 73 556
62 F5? *1 32 *KS=" 74 /
3 GT6 e 33 RCL X 75 STO 23

@4 RCL 3@ 34 A:IEW 76 FS? 62

6!RCL8 35 STOP 77 GTO 7

66+ 36 SF 82
7 2 37 RCL 19 789LBL 6
08 38 24 79 6
6991 89 86 STO 23
16 X<)Y 46 PIto X(=Y' 41 / 81#BL 0712 GTO61 42 ENTERt 82 'P="
13 1 431 83QRCL X
14STO23 44 RCL U 84 AVIEW
14 STO 2 45 85 STOP

46 Xt2 86 END

16*LBL @1 47 *

17 RCL 31 48 1
18 2 49 RCL3
19 / 51-
20 RCL9 51 *
21/ 52
22 RCL 30 53 RCL 38

23 + 54 Xt2

24 CHS 55 -

25ENTER! 56 S*T
261 5 7*
27 RCL 30 58CL23
28- 59*
29/ 66 STO 23
36 STO 23 61 RCL 13
3 62 3

63 YtX
64 RCI. 23
65 *

S66 Pl

67 *
68 KRL 85
69 X*2
7@ *
71 RCL 11

96



15. mo Pce

a. PURPOSE

Thts subroutine calculates the total power requIred In

forward, straight and level flight, to Include stall and

compressibilIty power In terms of hosepower.

c. ASSUMPTIONS

Power losses, such as transmission and cool tng, can be

Ignored.

c. EQUATIONS.
P , P P *P P *p

T

d. FLOWCHART

startA

recarecall P
required Dower

recall P su l
requfred power

reauired

recall P return
requiredr

recall.
stall
Dower

97



e. PROGkAMS AND SUBPOUI.NES USED

was

f. PROGRAM LISTING

@ILBL "PTI"
82 RCL 28
03 RCL 16
84+
85 RCL 21
86+
07 RCL 23
88+
89 RCL 19
I8 +
I I 'PT='
12 RCL Y
13 AVIEN
14 STOP
15 END

98
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16. De-sa L !.1ci

a. PURPOSE

To generate values of air density and sonic velocity.

b. ASSUMPTIONS

(1) Geopotential altitude (H), and geometric altitudes are

equal below 20,000 feet (actual &H - 29 ft).

(2) In the troposphere the standard temperature lapse

rate is -3.57 I Der 1000 feet.

c. EQUATIONS

e - T/T -(1.0 - 6.8753 E-06 *H )

SVEL a SVEs * SQRT(e)

RHO - 0.0023769 * (1.0 + HTH * (-.02875 * 0.000275 * HTH)

where,

HTH - DA/1000

d. FLOWCHART

start

calculate
sonicvelocity

calculate
air

density

return

99
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e. PROGRAMS AND SUBROUTINES USED

f. PROGRAM L IS NG

l1.LBL "ER"
02 RCL 45

03 6.875 E-6
84*
"5 CHS
06 1
87+
go SOT
89 1116.89

II STO 43
12 KL 45
13 100
14 /
15 STO 33
16 .I275
17 *
18 -.82875
19 +
28 RCL 33
21 *
22 1
23 +
24 .023769

26 STO 11
27 EN 0

100



17. Cha<T

a. PURPOSE

This subroutine Is used to expedite the changing of up

to five of the i nput parameters whenever a design restraint

is exceeded and/or at the end of the main program.

b. ASSUMPTIONS

The primary parameters which will require changing are:

a. Forward velocity, VF; (Kts)

b. blade twist, TW; (rads)

c. lift curve slope, a; (per rad)

d. tip velocity, VT: (ft/sec)

e. weight. W; (lbs)

c. EQUATIONS

VF (ft/sec) * VF (Kts) * 1.68894

101

.1" --.-- .~

4 -A4



d. FLOWiCHART

start

ytan e s to Ch nro 0

fgo to Itor atop

R12



e. PROGkaAMS AND SUBPOUTINES USED

WBS
f. PROGRAM LISTING

81*LBL "CHG" 31+LBL P

82 "AGH" 32 "VT=?'
83 ASTO 31 33 PROMPT
84 CF 84 34 STO 13

85LBL 6TO 05

86 "CHANGE?" 361.BL E

87 PROMPT 37 mz?*
08 X=0? 38 PROMPT
09 GTO 97 39 STO 18

18 SF 84
11 SF 27 48.BL 05

12 *VF TR a VT !- 41 CF 27

13 PROMPT 42 GTO 86

14*LBL 0 43*LBL 07

15 YIKTS>=)* 44 FS) 04
16 PROMPT 45 GTO INV 31
17 1.68894 46 END
18 *
19 STO 25
28 GTO 05

21*LBL B
22 *TIIST:?"
23 PROMPT
24 STO 29
25 GTO 85

26.8BL C
27 *a=?,
28 PROM#PT
29 STO 60
30 (TO 05
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D. HP 41-CV SAMPLE OUTPUT

Depending on the value of forward valoci-:y ther . ae

three possible types of outpqt that the HP 41-CV Compu--er

program is capable of producing. Exaaples of the three?

-aossible cases are listed below.

CASE 1 : Forward ve2:ci=y, V"" is l-s :h s-a!!

onset velocity.

PO=224. 58443
PP=O. $eeee

VS= B .762848
VBEK=76. 068758
YIX=163.448338

CYCLTCz@. 88889
COLL=l7. 896987

i278=4. 88879@

90=4. 888798

PS~=@. 00088

PT= ,6. 255686
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CkSE 2 : orwazd ve].--Ci-Y. 'IF, ~s g:sat= : 'a

sall cnss- veloci-ty.

PP:74. 24

CYCLlC=-9.39

i&olz: 1. 76

vns:8.7&

XQ=: 1. Z4

KSZO. 96
PS: 148. 98

P11=290. 71

PT=l, 573. 16
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CASE' 3 : Forvard velocity, VF, --'s g~eatz::-a

PI=i87. 18
PO=368A92
PP=844. 72

VS=37.76

CYCL TC-18.5

£6D=-I. 23

zfl= *53

PS= 156. 0

1 06



APPENDIX C

A. IBM 3033 PEOGR&M DOCUMENTNTION

This program calculates the power =:-equ i::a.d fl.y

helicopter in fo--w-rd, straight: and lev-1 hi-gh sos=-I fliaht.

In the secticns n~at folow all tnouts A- --

=equ~rsUmntS _=r9 SDC--fiJ'd. The :bluS-Ilvina g~~

~ised is as dasczibed in Chaote= Ii.
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S. INPUT DATA REQUIRED

In calculating the performance of a halicop-: r i t is

n.cessary to define a set of force conditions, environmental

conditions, and physical conditions. he force :nDi-tions

rquir=d arc the aircraft gross weigh-: (W) i poinds, :h

maximum lift coefficient (CLIAX) , and -h.- -hs cce:f-,_ ..- n

it. . zezo angle of attack (CDO). The envi.- nmen-t.

conditons include, forward velocity (VFK1 in kncts, :--peed of

sound (SVEL) in feet/sec, ro-sc: height above -:he -Drund (')

in feet, and air density (RHO) in lb-f- /s.c . F:= sake of

user simplicity, the the speel of scuni ani ai: unsiy ar==

ga n=rated within -he program and ir = uomparabl- t- .hz

values found in a standard anmosphere -ible. Finall, the

ohysical conditions r-_quized are the :-o: radius (R) in

f=_e-, tip velocity (VT) in ft/sec, nuae: of blades (b),

main rotor chord (C) in feet, fla- pla-e a=rsa (FPPM in ft ,

a-ometric twist of th . rotor (TWIST) i r-dians, and airfo-i

lisft curve slcpe (CLA) in pe- radians.
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C. HELICOPTER SAMPLE DATA

Table C.1 below illustrates the fo:mat zequired when

inputing data.

T1L. B_:!CP2R SAMPLE "_1PUT DATA

RUI CDO W VT ??A

22. .01075 10512. 738.0 17.

i _! 5O. BLADES CHORD INITIAL V?! CLA

-. 1745 2. 2.25 0.3 5.73

H CLAX NO. ENGINES TYPE AIRFOIL 2A

1000. 1.4 2. 7. 1000.
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D. IBM PROGRAM FLOWCHRT

startA

calculate

read t ID-loss
nput factordatas/f'a-

Calculate

calculate 
VMAX

dtsk area

calculate

calculate Induced
solity

INO 
YES

calculate
Induced

velocIt _. GE

I 
ra- 

st

calculate
AMAXII

calculatefo 
p

coef of 
lse

thrustI

calculatelat
G.E. ratto
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B0

calculate c allt
parasIte 1arauleters

power

calculate YS R~O N
T1,T2.
T3 T4

calculatea

A13 A14 YSN

A11,A111



EG

calculate
G90

calculate

calculate

tostol

calculate
a2 70
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Z. IBM PRCGRA11 LISTING

Th-s section contains the list.ing of the IB:. 3033

computer program laveloped in this :aeor,.
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>MAIN ROTOR HIGHIT ABOVE GRO(.NO... o

> AIR DENSITY
S SNIC VELOC y Y.....0000*0 9G* o/

> BLADE GEOMETI 9 iST..ee*bl t

MAXIM4UM 2-0 LIFT C EFIC~***
>2-D STAT~IC STALL ANGLE (4A..

> ~ LIFT CAjRVE SLOPE t/RAbIo
ZERC-L Ir DRAG CEFIC15, 6.,F

> RkIllCAL MACHl NC; (FCR CL.

> INITIAL FCRwAR0 VELO.:ITY (KTJ....

END



F. SAIPLZ- OF IBM COMPUTER OUTPUT

Thi-s secticn cortains an example run 15 zh B owou:ir

pro gram, ut*l -iin AH1-J Cobra 3ata, 3ta=-tig a-: forvazi

vilocity of 120 kr~o-s and terminating a:t V*1AX.
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I-1G14 SPEED FGRr.ARD FLIGHIT ANALYSIS

INPUT DATA

RADIUS * ................... 2290033
MAIN ROIORCHCRL60.0........... 202503
NUMBER OF MAIN FOTOR BLADES...... 2.00G00
AICRAFT GRCSS wEIGHT....... J0612.0
ROTOR TIP VELOCITYe............. 738.000
H1ORIZONTAL FLAT PLATE AREA....... 1790000
NUMBER OF ENGINES IN HELICCPTER..o Z*30COO

DENSITY ALTITUDEss o se @*a....0.... 10000
M4AIN ROTOR iEIGIbT ABGVE GRCUNDooo 130.30J
AIR DENSITY (RMtC)............ 0.a33 231)9
SLJNIC VELOCITb'................... 1113.04
BLADE GEOMETRIC TWISTooo......... -.174500

TYPE AIRFOIL...........e 7000000
MAXIMUM 2-0 tLiTai C HFIMENT..... 1.40003

RI~ ICAL MAHN(O CL a 0le. 00 2. 000
INITIAL FORbARO, VELOCITY (K?)... 120.COU

COEFFICIENT CF IHRUST............ 9554153E-32
INDUCED VELCCIT'~................. 38o8469
DISC AREA........................ 1522.62

T1 LSS FCTO~soooseeesoebof.9473ai.
GROUND EFFECT RATIOe............. 1.00000

FCRWARD VELOCITY IN KNOTS a 120*000

PARASITE DRAG 6095
DISK PLANE ANGLE CF ATTACK a -o759760E-01

DYNAIMIC PARAMETERS

A 11............. ... *..... 3625400

INFLOW RATIC (LAMBCoe............ -0.343981

A13oooooooooooesooooooe:::1 21-3 1



STALL POWER CALCUL.ATIONS

NIBOARD STALL CORRECTION FACTOR...... a-)
STALL POWER COEFFICIENToo............ .2J

ANGLE OF ATTACK CALCULAT IONS

LONGITUDINAL CVCLI'C ANGLEoeoeoes -0olOS613
LCNGITUDINAL CLLECTIVE ANGLE... 3.314954
ALPHA 190) J Eks)Joe.o.e..0.so0..... 06 048086

HIGH SPEEC MACH EFFECTS

ADVANCING ELAOE TIP MACH Nil4BHE~e 5.4'.3
CRITICAL M4ACH tAUM86ER............. :720543
DRAG DIVERGE~NCE MACH NUMBERos..... .6459iSE-al
COMPRESSIBILITv POWER COEF.......,. *5214.91E-04

PCWIER REQUIRED

INDUCED PCiER a 1519545
PROFILE PCoiER a &.29cP464
PARAITi EP~wf 2 970103
OMP E ESBILI 'V POWER a 134o 01
S TALL POWEA a 00

TOTAL PQ.wER REQUIRED a 879.112

FCRWAFD VELOCITY iN KNOTS a 130000

PARASITE DRAG a94d*234
DISK PLANE ANGLE GF ATTACK a -%89l6c4E-al

DYNAFPI PARAMETERS

A12..66.6.......... **......8...... 0.880877

125534
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STALL POvdER CALCULATICNS

INBOARD STALL CORRECTICN FACTR...... .0
STALL POWEF CGEFFICINTosoo........ 00

ANGLE OF A7TACIC CALCUJLATICNS

LCNITUDINAL 8VCLI ANGLE...... -0.122350
LCIWGITUDINAL CCLLECTIVE ANGE. 0.326189
ALPi4A(90) (QEGh................. -0.291443

HIGH SPEEC MACH EFFECTS

ADVANCING eLADE TIP MACH NUMBER... .860.305
CRITICAL MACI- hUMBER.oo........... o723294
QRA 0SVfRicNC E M4ACH NMt4jR:::::::oo!70l57E-al

2GU4RE 1! 61TV POE F 6306U6E-'.

PCWER REQUIRED

INDUCED PCwER a 1990
PROFi lER a 394
PARA OWEF 3 4
S MPRESSi8ITV POWER a 162o339
STALL P W i - 0

7OTAL POwER RIQUIRED - 98636

FCREWAAQ VELOCITY IN KNOTS - 140.6000

PARASITE DRAG a10S7*41
DISK PLANE ANGLE CF ATTACK a -.103412

DYNAPI1C PARAMETERS

.......... 0.332042

INFLOW RATIC (LANBCAl............ -0*30J98
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STALL PCWEA CALCtJLATlCNS

INBOARD STALL CORRECTION FACTOR...... e0
STALL POWEP COEFFICIENT.......see*.... e0

ANGLE OF ATTACK CALCULATICNS

LONGITUDINAL CNCLIC, ANGLE******* -0*1676
LONGITUDINAL CCLLECTIVE ANGLE... Oo3.3993.3

ALPHA12701 CDEGlaossoeaesse..... 15.129103

HIGH SPEEC MACHI EFFECTS

ADVANJCING etADEUTIP R4ACH NU~MER::: .87r484
CRITICAL MA h~ NJMBER............ .7298.2
DRAG DIVERGENG E AHNME.... 96012E-01
COMPRESSIeILT Nv POW~ER COEFF.e.9.... 745d73E-04

PCWEP. REQUIRED

INOUCED PChER 129.913
PROFILE PCAER -322o449

P4RSI F~f 471.789
C0MPRES!BILI I~ PObbER a191.857
STALL POWER - 00

TOTAL POWER REQUIRED -1115.81

FORWARD VELOCITY 114 KNOTS a 15060Ca

PARASITE DRAG a12!9*78
DISK PLANE ANGLE OF ATTACK - -.118713

DYNAI'.* PARAMETERS

A12me oo le31277



STALL POWER CALCULATIONS

RT.T**oo9eo so*.......a....o.*...* 0.0.*. 00o2307 77E-02

VALUES FOP OETERNINIhG STALL COEFFICIENT

GAMMA - -C*26459360S~ -C. 14'75502
a 0.32 44

x " (C6. 4362

INBOARD STALL CORRECTION FACTOR...... 0662218C94
STALL POWER COEFFICIENT.......,..... .. 1202595E-J.)

ANGLE OF ATTACKC CALCULATIONS

LCNGITUDINAL JVCLIC ANGLE..,,... -0.152545
LCNGITUDINAL COLLECTIVE ANGLE;;; 0.356377
ALPHA 9OI (0EGIeoooeooo.oee.. -0.738687
ALPHA(270J (DEal,............,,,. 16.740753

HIGH SPEEC MACH EFFECTS

ADVANCING ELADE TIP MACH NUMBER... 0890058
CRITICAL MACH /UMBERooe.oo,,,,o. .728348
DRAG DIVERGENCE MACH NUMBER....... o102339
COMPRESSIBILIT V POWER COEFF.,..... !867883E-04

PCWER REGUIRED

INDUCED PCiER = 121,281
PROFILE PCiER = 336.941
PARASITE FOWE .780,279
COMPRESISILITY POWER a 223.009
STALL POWER a 80,1774

TOTAL POWER REQUIRED a 1341.69

FORWARJ VELOCITY IN KNCTS 1 )oO, 00

PARASITE DRAG a 14 335
DISK PLANE ANGLE OF ATTACK *-01350od
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DYNAMIC PARAMETERS

1.32295

INFLOW RATIO (LAM0A ............ -0*064i91

STALL POWER CALCULATIONS

VALUES FOP DETERMINING STALL COEFFICIENT

GAMMA -c 30194S68
CS -C:17515445
as * 036584556

XS 0.7398598
X0 1* 1.566751

INBOARD STALL CORRECTION- FACTR.... .00000000
STALL POWER COEFF ICIEN T.......ago*:::: .60-5492.6iZE-34

AN~GLE OF ATTAC' CALCULATIONS

LONGITUDINAL CVCLIC AthGLEoose... -O.17C535
LCNGITUO1NAL CCLLECTIVE ANGLE... 3.37=743

HIGH SPEEC MACH EFFECTS

ADVANCING eLADE TIP MACH NUMBER... e905832
CRITICAL MAC)-, huMBERoo............ o73C729
DRAG DIVERC-ENCE AAClI NUMBER.......s 91151Q3
CCMPRESSIILITI~ POiER CCOEFFo....... *99722.3E-04

PCWER REQUIRED

INDUCED PCWER *113.722
PReFILE PCmER a 52.433
PARA~ IT F6WEP R4 74243
COMPRESIBILITV POWER a 25o.243
STALL PONER a 155*38o

TOTAL POmEA REQUIRED a 1582.23
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FCRawARA) VELOCITY IN KNOTS !6~30359

PARASITE DRAG *14S4.1
DISK PLANE ANGLE OF AfTAC a -9140799

DYNAPIC PARAMETERS

A I.............. .. ...... 3* 8682 77
A 12.................. *.......... 1.141191

Ti.... .***.~*e* *6 O*~O660. 483685

7 4................... *eeee..eoe 0.174297
INfLOW RATIC (LA'4BCAI'...... -3.067526

STALL FCWER CALCULATICNS

VALUES FOF DETERMINING STALL COEFFICIENJT

GAMMA a -Ce31570089
CS -C*18555188
as 0*3eQ938Z3

XS a 0.1336488
X0 1* '9493 171

INBOARD STALL CORRECTION FACTGR...... i.00000000
STALL POWEF COEFFlCIENT......o..oooo. *611C876CE-04

ANGLE OF A7TAC9 CALCULATICNS

LCNGITUQINAL CVCLIC ANGLEe...... -0.177082
LCNGITWJINAL CCLLECTI yE ANGLE... 0.382947
ALPHAt90) (CEG lee sees ooe....... -1.019017
ALPHA12701 E)........ 19.272018

HIGH SPEEC MACH EFFECTS

ADVANCING SLADE TIP MACH NUMBER... e913929
CRITICAL MACh AUMBERep.. . . .31511
DRAG DIVERJENCE MACH NUMB~:.. .119412
COMPRC 4 1 ELlT POkWER COE F....... oI&J42'1E-O3-

1 30



Pl£mER REQU: REO

RMFL P siER a 57861

MP RES I BILI TV POmER a 267.855
TALL POWER -a • 157.023

TOTAL POWER REQUIRED a 1643*66

INITIAL. STALL CNSET VELOCITY APPRGCX'iATION (KTS) 76.

DIFFERENCE EWOEEN A270 AND AMAX .2S9871E-03
AC EPTAdLE ER.OR .100000E-02

AN4LE AT STALL ONSET= 3.3. 8111

STALL CNSE1 ELOCITY 13i. 93
VELOCITY MAX EIURANCE 76 7.347

MAX14UM FCR*ARC VELOCITY l jL3,359
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A

G. COMPARISON OF ?ROGRA. OUTPUT VS rES DA:A

This sec-icn compares the ;utput cf the tl?41-CV and 1B1

3033 computer programs tc actual flight test d a-a g -reI

a- the Naval Wsapons System Center.
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POWER REQUIRED VS VELOCITY
FOR THE AH1-J USING THE HP 41-CV

* TOTAL

0

I-

0 P

t as

PORA/ VELOCIY (KT

Fiur l. Pwrcre eea dbyH4 cvPorn
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POWER REQUIRED VS VELOCITY
FOR THE AHI-J USING THE IBM 3033

* TOTAL.,

a
W*0PRST

Uc4

76.

FORAR VELRAIYITKT

Fi u C... wrCre enrtdb h B1 03Porm
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POWER REQUIRED VS VELOCITY

LEGEND
* TEST FLIGHT RESULTS
o IBM 3033 OUTPUT
A HP4I-C OUTPUT 1

-ACCPTABLE ACCURACY TOTAL POWER

REQUIRED

a

M,,

PORAR VEOCT (KT

Figure C.3 Coprio Bewe CoptrDtaadAta

TetFih aa
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